Purposes: Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitors (TKIs) exert satisfactory therapeutic effects in lung cancer patients. However, the resultant skin toxicity can deteriorate patients' quality of life (QoL). Differences exist in skin toxicity evaluation between patients and clinicians. We aimed to clarify the association between the subjective evaluation of skin toxicities and QoL in lung cancer patients and to establish a document of scale development in the subjective evaluation of skin toxicity. Methods: We used self-administered questionnaires to evaluate 12 lung cancer patients receiving EGFR-TKI treatment. Indices of QoL were generated using the Functional Assessment of Cancer Therapy-Lung and Hospital Anxiety and Depression Scale, and a subjective evaluation questionnaire concerning skin toxicity was completed. The data were collected immediately before treatment initiation and at 4 weeks post treatment. Results: In the subjective evaluation of skin toxicity, four patients (33.3%) were classified as ≥Grade 2 (painful group), experiencing painful pruritus at the emergence site of the skin rash or xerosis. In this group, the QoL scores of physical and emotional aspects declined after treatment. Conversely, patients in the painless group (Grade 0 -1) demonstrated an improved emotional QoL following treatment (p = 0.028). Conclusions: Lung cancer patients suffering from painful skin toxici-How to cite this paper: HirayamaOpen Journal of Nursing ty tended to show a decline in the physical and emotional aspects of QoL following EGFR-TKI treatment. The skin toxicity questionnaire was useful from the point of view of a subjective evaluation and could be a powerful assessment tool in future clinical settings with further modification.
Introduction
Lung cancer has an extremely poor prognosis among malignant tumors. According to the World Health Organization, it was the sixth-leading cause of mortality in 2016, responsible for 1.7 million deaths worldwide [1] . This mortality rate was the highest among all malignancies [2] . Lung cancer morbidity increases with age, and the median age at diagnosis is 70 years [3] . Thus, it is predicted that the proportion of elderly people with lung cancer will increase globally due to the increasing aging population.
Following lung cancer diagnosis, many patients choose to undergo chemotherapy. In recent years, the development of chemotherapeutic drugs has become highly advanced, and since the 2000s, the use of molecular targeted agents has become established in the treatment of non-small cell lung cancer (NSCLC) via gene alternations, such as epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase, a receptor tyrosine kinase. Previous clinical studies have demonstrated the efficacy of EGFR-tyrosine kinase inhibitors (EGFR-TKIs), such as gefitinib, erlotinib, afatinib, and osimertinib, as first-line chemotherapeutics for patients with EGFR-mutated NSCLC [4] [5] [6] , with some reports showing efficacy in elderly patients [7] [8] . Unfortunately, skin toxicity is the most common adverse effect of EGFR-TKIs, occurring in >80% of patients [9] . Furthermore, several studies have identified correlations between the incidence and severity of skin toxicities and overall survival (OS) [10] [11] [12] . Hence, the continuation of EGFR-TKI involves coping with the resultant skin toxicity via appropriate skin care measures to prevent deterioration.
In this respect, the aim is not only to support the treatment side effect but also to maintain the patient's daily quality of life (QoL) because the EGFR-TKI treatment prolongs their life. In some QoL studies of lung cancer patients undergoing treatment with molecular targeted agents, a higher OS, progressionfree survival, and QoL has been reported in those receiving treatment with EGFR-TKIs compared with those treated with cytotoxic chemotherapy [13] [14] [15] [16] [17] . Contrary to the therapeutic effect, it has become evident that the emergence of skin toxicity caused by EGFR-TKIs affects the daily life of patients, leading to a decreased QoL [18] [19] [20] . To evaluate the adverse events of chemotherapy, the National Cancer Institute established the Common Terminology Criteria for Adverse Events (CTCAE) as an international standard, in-Open Journal of Nursing cluding skin toxicities [21] . However, the CTCAE is not a useful subjective assessment tool for skin toxicities. Novello et al. (2014) argues that there are differences between patients and clinicians in the evaluation of the skin toxicity of molecular targeted therapies, with clinicians underestimating the severity of the situation [22] . Additionally, it has been suggested that severe symptoms of skin toxicity greatly influence the psychological state of the patient [23] . To obtain more insight into how skin toxicity affects the patient's QoL, the association between the subjective evaluation of skin toxicity and QoL requires elucidation.
Therefore, our study aims to clarify the association between the subjective evaluation of skin toxicity and QoL in lung cancer patients receiving EGFR-TKIs. These results could be used as a document of scale development in the subjective evaluation of skin toxicity.
Methods

Study Design and Participants
We conducted this prospective observational study between September 2017 and January 2019 at two hospitals in Hokkaido, Japan. All procedures performed in studies involving human participants were in accordance with the ethical stan- 
Data Sources
Data collection included the patient's attributes (sex, age, marital status, employment status, and smoking history) from the medical records, the medical condition (disease stage, treatment history, ECOG performance status [PS], and therapeutic agent) and patient-reported outcomes. Self-administered questionnaires were used to investigate patient-reported outcomes. The initial evaluation prior to the commencement of EGFR-TKIs (T0) was conducted at the hospital following admission. Because skin toxicity characteristically manifests within the Open Journal of Nursing first 1 -3 weeks of treatment [24] , the post-treatment evaluation occurred 4 weeks after treatment (T1) by mailing a questionnaire to the patient's home. A subjective evaluation of skin toxicity was added to the items at T0 for the evaluation at T1.
Outcome Measures
Evaluation of Skin Toxicity
Since there was no established survey form to subjectively evaluate the skin toxicity caused by EGFR-TKI, we utilized a questionnaire at T1 that was created independently by researchers following CTCAE version 4.0. According to a previous study, pain and pruritus at the site of skin toxicities were reported as causes of patient distress [25] , which negatively affected their QoL [26] [27] . Therefore, the contents of the questionnaire included an assessment of the degree of pain and pruritus at the symptom appearance site of skin rash, xerosis, and paronychia ( Table 1 ). The skin toxicity severity was classified as absent (Grade 0), mild (Grade 1), moderate (Grade 2), severe (Grade 3), or very severe (Grade 4) according to the classification of CTCAE v4.0. [21] .
QoL Evaluation
The health-related QoL of lung cancer patients was assessed using the Japanese version of Functional Assessment of Cancer Therapy (FACT)-Lung (FACT-L) version 4.0, a combination of the 27-item FACT-General (FACT-G) and the 9-item Lung Cancer Sub-scale (LCS) [28] . The FACT-G consists of physical well-being (PWB), social/family well-being (SWB), emotional well-being (EWB), and functional well-being (FWB) sub-scale scores. A total FACT-L score of 0 -136 is obtained by summing the FACT-G and LCS (two of the nine items are not scored). Each item is scored according to a 5-point Likert scale. Higher FACT-L scores correspond to a better QoL.
Emotional Problems
Psychological distress was measured using Hospital Anxiety and Depression Scale (HADS), consisting of 14 items measuring anxiety (HADS-A) and depression (HADS-D). Each item is scored according to a 4-point Likert scale, and the total score range is 0 to 21, with 0 -7 categorized as "no," 8 -10 as "probable," and ≥ 11 as "present" anxiety or depression [29] . A higher score indicates higher anxiety and depression levels. We used the validated Japanese version of HADS [30] .
Data Sources
The FACT-L and HADS scores were checked for normality using the Shapiro-Wilk test followed by the Wilcoxon signed rank test to evaluate the differences between the average values obtained at T0 and T1. The subjective evaluation of skin toxicity was classified into two severity groups (Grade 0-1 vs. ≥ Grade 2), and the association with QoL was also analyzed. As a severity classification of skin toxicities, Grade 0-1 was a group without distress regardless of the presence or absence of symptoms (painless group), and ≥Grade 2 was a group with distressful symptoms (painful group). Statistical analysis was conducted using SPSS Statistics version 22.0 (IBM Corp., Armonk, NY), and each level of significance was set at p < 0.05. 
Results
Patients and Characteristics
Subjective Evaluation of Skin Toxicity
The evaluation of skin toxicity at T1 by the study subjects was investigated using a questionnaire asking about pain and pruritus in the areas where a skin rash or xerosis appeared and pain due to paronychia ( Table 3 ). The severity of skin toxicity (Grade 0 -Grade 4) was based on CTCAE version 4.0. At T1, 4/12 patients (33.3%) experienced a skin toxicity ≥ Grade 2, and many patients were particularly aware of pruritus associated with skin rash or xerosis. On the other hand, no pain was associated with xerosis ≥ Grade 2. Two patients reported no skin toxicity (Grade 0), and six evaluated skin toxicity as Grade 1.
QoL in Lung Cancer Patients
Association of Skin Toxicity with FACT-L
The self-administered FACT-L questionnaires were completed just before treatment commenced and at one month after treatment ( There was also an improvement in the total score, PWB, and LCS in the painless group, but no significant differences were observed. In the painful group Open Journal of Nursing (≥Grade 2), although there were no significant differences in all items from T0 -T1, the EWB tended to decrease (p = 0.066). Furthermore, although there was no significant difference in total and PWB scores, the decreased results contrasted with those of the painless group.
Association of Skin Toxicity with HADS
In all patients, the HADS-A and HADS-D scores were not significantly different between T0 and T1 (Table 5 ). Additionally, all scores were < 8, falling within the normal range. For both the painful and painless skin toxicity groups, there were no significant difference between the scores of HADS-A and HADS-D at T0 and T1. In the painless group (Grade 0-1), the mean scores of both anxiety and depression were decreased. Moreover, as Figure 1 shows, since the total HADS score decreased except for one patient, it follows that patients without pain suffering from skin toxicity experienced little distress after treatment commencement, with the HADS-D scale showing an improvement (p = 0.089). However, in the painful group, the mean HADS-A and HADS-D scores were increased, indicating a distressed condition after the treatment had commenced. The HADS-D score was 9.3 ± 7.2 at T1, indicating that patients with pain suffering from skin toxicity tended to be depressed.
Discussion
Our study results revealed the subjective evaluation of the skin toxicity experienced by lung cancer patients undergoing treatment with EGFR-TKIs and the association with QoL before and after treatment. There was only one patient with a PS < 2 at T0, but this increased to four following treatment initiation; therefore, it is thought that adverse events, including skin toxicities and disease progression were contributing factors. Additionally, most patients who suffered pain from skin toxicity and disease progression were evaluated for pruritus at the sites where skin rash and xerosis appeared. A previous study has shown that a strong degree of pruritus affects a patient's QoL [27] . Because pruritus and pain are easily recognizable symptoms, it is important to evaluate them both objectively and subjectively.
Regarding FACT-L, there were no significant change in the score of both total and subscale items at T0 and T1 when the study subjects were assessed as a single group. In a QoL survey of 30 patients with lung cancer in Brazil [31] , the total FACT-L score during the non-treatment period was 98.9, which was similar to the score of our study subjects. There were no significant differences between the patients in the painful group; however, the total and PWB scores decreased between T0 and T1. In particular, since the EWB QoL subscale tended to deteriorate, this suggests that physical and psychological suffering is experienced due to skin toxicity. On the other hand, patients in the painless group demonstrated increased PWB and LCS scores after treatment, and the EWB showed a significant improvement. Therefore, we consider that the therapeutic effect of EGFR-TKIs contributed to an improvement in the symptoms accompanying lung cancer, such as dyspnea and coughing. Furthermore, we suggest that improvements in pain symptoms and awareness of the mild suppression of adverse events lead to an increased EWB score. Having considered these matters, for the continuation of EGFR-TKI treatment, it is important to relieve physical pain by practicing skin management to the extent that the pain of skin toxicity is not felt because this is liable to cause deterioration of the physical and emotional QoL. Regarding HADS in the painful group, both HADS-A and HADS-D scores worsened after treatment, and it was considered that pain caused by skin toxicity was a contributing factor. Similar results were reflected in the EWB of FACT-L.
Yanwei et al. [32] reported that lung cancer patients who were receiving erlotinib and aware of their diagnosis and prognosis showed an improved HADS score following treatment. Considering this, a reduction in psychological burden is expected by sharing information on the relationship between skin toxicity and the therapeutic effect with those patients who experience pain caused by treatment toxicity. Additionally, the decline in PS due to age and treatment effects has been reported as a risk factor affecting the psychological aspect of lung cancer patients [33] . In this survey, there were many elderly patients, and most of them experienced deterioration in PS following treatment. Because PS deterioration leads to a decreased QoL in the elderly [34] , it is considered that the suppression of adverse events as much as possible, including skin toxicity, is necessary for treatment continuation and to maintain PS.
Thus, our analysis based on the subjective evaluation of skin toxicity revealed in part the association between skin toxicity and QoL. To maintain the QoL of Open Journal of Nursing lung cancer patients receiving EGFR-TKIs, it is important to sustain the pain caused by skin toxicity at an acceptable level. To that end, it is necessary to perform an assessment using questionnaires that subjectively evaluate skin toxicities. A further study to refine the composition of the subjective evaluation questionnaire on skin toxicity should be conducted.
Implication for Nursing Practice
From the results of this study, patients with skin toxicities tended to have lower physical and emotional QoL than patients without pain. In particular, it was the pruritus at the site of the appearance of skin rash and xerosis that was cited as a contributing factor to the pain for the patients with skin toxicities. In this respect, it is critical that oncology nurses to sufficiently assess the subjective evaluation in addition to the objective evaluation for the skin toxicity caused by EGFR-TKI. Furthermore, it is important that they are involved in improving physical QoL of patients by performing appropriate management practices to control symptoms such as pain and pruritus, which may lead to an eventual improvement in the emotional QoL of patients. In addition, as most elderly patients in this study had a decrease in PS after beginning the treatment, it may be necessary to manage adverse events, including skin toxicities, to prevent PS deterioration in order to maintain QoL and continue the treatment.
Limitations of the Study
It is difficult to define the conclusions of this study because the number of subjects is small, which may lower its statistical power. Moreover, no control group was included. In future, the number of subjects should be increased to improve the reliability of the results. Furthermore, in addition to both a subjective assessment and objective evaluation of skin toxicity, the accuracy of the evaluation requires improvement. Finally, it is possible that adverse events other than skin toxicities can also affect patient QoL.
Conclusion
Lung cancer patients undergoing treatment with EGFR-TKIs showed a tendency toward a lower QoL in physical and emotional aspects owing to the presence of painful skin toxicities. An improvement in the emotional aspect of QoL was recognized by suppressing the symptoms of skin toxicity to an acceptable level.
Consequently, it can be presumed that by maintaining a condition judged as mild in the subjective evaluation of skin toxicity, a decreased QoL could be prevented. Therefore, the skin toxicity questionnaire was important from the point of view of a subjective evaluation, and it can be useful tool as an appropriate assessment of skin toxicities in clinical settings.
